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Manufacture of trialkyl phosphites. 

COMPLETE SPECIFICATION 

We, Ciba Limited, a body corporate of the reaction and distillation apparatus, 
organised according to the laws of Switzer- Even when this precaution was taken, the 
land, of Basle, Switzerland,, do hereby yield of phosphite obtained by the known 
declare the invention, for which we pray process was relatively low, which was prob- 
5 that a patent may be.granted to us, and the ably in part due to the fact that a further 50 
method by which it is to. be performed, to reaction took place between the trialkyl phos- 
be particularly described in and by the fol- phite formed and the amine hydrochloride, 
lowing statement: as a result of which amine was probably 

This invention relates to the manufacture liberated. 

10 of trialkyl phosphites. . The present invention is based on the 55 

It is blown, for the manufacture of trialkyl observation that in the manufacture of tri- 
phosphites. to react an alcohol with phos- alkyl phosphites by reaction of phosphorus 
phorous trichloride in the presence of a ter- trichloride with low-molecular saturated 
tiary amine and inert solvent. aliphatic alcohols, containing 1 to 4 carbon 

15 The reaction in this case takes place atoms, in the presence of a tertiary amine 60 
according to the following equation 

PCla +3HOR + 3 tertAmine >P(OR) 3 + 3 tert.Amine. HC1. 

The separation of the amine hydrochloride 

has hitherto taken place in general by dis- and an inert organic solvent with formation 
20 solving the same out of the reaction mix- of solid tertiary amine hydrochloride, the 
ture by means of water. This method has yield can be considerably increased and/or 
the disadvantage in the case of the manu- the. final concentration of the trialkyl phos- 
facture of trimethyl phosphite that the yield phite in the inert organic solvent consider- 
ed the end product is. reduced because the ably raised, when at least a part of the reac- 
25 phosphite concerned is not very stable to tion mixture is led from the zone in which 
wa ^ er - . the phosphorus trichloride is reached with 

For a relatively smooth course of the reac- the alcohol in the presence of the amine, con- 
tion, which is advantageously conducted at tinuously into a zone where the solid amine 70 
room temperature, a good stirring and also hydrochloride formed is separated from the 
30 an effective cooling for the purpose of with- reaction mixture. 

drawing the reaction heat evolved are neces- According to a preferred embodiment of 
sary. For this reason, the presence of an the process of the invention, the reaction 
inert solvent as diluent is required, since mixture is recycled and the solid amine 75 
otherwise an effective mixing and cooling is hydrochloride formed separated continuously 
35 rendered more difficult or impossible owing from the reaction mixture, the precaution 
to the deposited solid amine hydrochloride being taken that in this operation die quan- 
leading to a thickening of the reaction mix- tity of the amine hydrochloride formed which 
tui L e * , _ is present in the reaction mixture always 80 

In the known process the difficulty existed remains small. 

40 that a large quantity of the solvent had to In this case the quantity of the amine 
be added in order to guarantee a. good cool- hydrochloride in the reaction mixture should 
ing and stirring, and that, for this reason it preferably always be less than the quantity 
was only possible to obtain solutions with a of amine hydrochloride equivalent to a con- 85 
content of at most 6—8% of phosphite. This centration of 8% by weight of trialkyl phos- 
45 rendered necessary an extremely large volume phite calculated upon the quantity of the 
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inert solvent. 

According to a first embodiment of the 
process of the invention there are added to 
the reaction mixture, or to the solvent, all 
5 three starting materials, namely the alcohol, 
the amine and the phosporus trichloride, only 
gradually, the reaction mixture being simul- 
taneously circulated from the reaction vessel 
through a filter, for example by means of a 
10 pump, for the purpose of removal of the 
separated amine hydrochloride, and there- 
upon returned to the reaction vessel. After 
washing with another quantity of the inert 
solvent used in the reaction, the solid resi- 
15 due of amine salt is removed either conti- 
nuously or discontinuously and the free base 
regenerated therefrom. As soon as the con- 
centration of trialkyl phosphite in the circu- 
lating reaction mixture has attained to the 
20 desired value, after filtration of the solution 
a suitable quantity thereof is continuously 
withdrawn at such a rate that the concentra- 
tion of the reaction product in the recycling 
reaction mixture remains approximately con- 
25 stant. The wash liquid is likewise returned 
to the reaction mixture. 

According to a further embodiment of the 
new process, at the commencement of an 
operation cycle the total quantity of alcohol 
30 and amine are introduced into the reaction 
mixture and only the phosphorus trichloride 
is added gradually. In this case only the fil- 
tration takes place continuously and in this 
embodiment special care must be taken to- 
35 wards the end of the reaction that not even 
the smallest excess of phosphorus trichloride 
occurs in the reaction mixture. This object 
is easily achieved by a pH-control of the 
reaction medium by means of an indicator 
40 or a glass electrode. It is also possible to 
operate without recycling by introducing the 
three starting materials continuously at one 
end of a reaction vessel and continuously 
drawing off the reaction mixture at the other 
45 end of the reaction vessel and removing 
therefrom the solid amine hydrochloride 
formed. 

This embodiment of the process is less 
advantageous than working with recycling, 
50 for the reason that in this case the final con- 
centration of phosphite cannot as a rule 
substantially exceed 9% and moreover the 
transfer and cooling of the very viscous reac- 
tion mixture encounters difficulties. 

55 The process of the invention is more 
especially suitable for the manufacture of 
trimethyl phosphite by reaction of phos- 
phorus trichloride and methanol. It is also 
possible, however, in a similar manner to 
60 produce other low trialkyl phosphites con- 
taining 1 to 4 carbon atoms in each alkyl 
group, such as triethyl phosphite, tripropyl 
phosphite and tributyl phosphite, by using 
instead of methanol other low-molecular ali- 
65 phatic alcohols, such as ethanol, n-propanol. 



isopropanol, n-butanol or isobutanol. 

As tertiary amines are concerned those of 
the aliphatic, alicyclic, aliphatic-aromatic 
and heterocyclic series having sufficiently 
strongly basic properties and of which the 70 
hydrochlorides are sufficiently difficultly 
soluble or are insoluble in the inert solvent 
used. It is further desirable, for the purpose 
of more easy recovery of the amine from the 
filter residue, that the free base shall only be 75 
slightly soluble in water. 

Accordingly it is of advantage to use 
trialkylamines of which the alkyl radicals 
contain 2 — 4 carbon atoms, such as tributyl- 
amine, tripropylamine and more especially 80 
triethylamine. 

As inert organic solvents are concerned 
especially hydrocarbons of the aliphatic 
series, of the cycloaliphatic series, the arali- 
phatic series and the aromatic series. 85 

The inert solvent is advantageously so 
selected that the trialkyl phosphite formed 
can easily be separated therefrom by frac- 
tional distillation. For this reason, for 
example in the manufacture of trimethyl 90 
phosphite, the boiling point of which is 
120°C, solvents are used which either have 
a substantially lower boiling point, such as 
petroleum ether or benzene, or a substan- 
tially higher boiling point such as trichloro- 95 
benzene or decahydronaphthalene. 

The following Examples illustrate the 
invention, the percentages being by weight: 
Example 1 

In an apparatus the parts of which are 100 
shown in the accompanying drawing which 
illustrates a flow diagram, trimethyl-phos- 
phite is produced in the following manner: 

In a reaction vessel R, for example a 
three-necked flask of 2.5 litres content, a 105 
mixture is prepared of 
600 grams of benzene, 

1050 grams of triethylamine and 
350 grams of methanol. 

A single reservoir, E«, for example a drop- 110 
ping funnel, is charged with a solution of 481 
grams of phosphorus trichloride in 300 grams 
of benzene. This solution is gradually 
allowed to flow into the flask with good 
stirring and cooling, the temperature being 115 
maintained constant at 25° ± 5°C. During 
the whole time of the introduction of the 
phosphorus trichloride solution, the reaction 
mixture is continuously recycled by means 
of a pump P in a closed circuit through a 120 
filter F. The duration of reaction amounts 
to about 3 hours. At the conclusion a slight 
excess of amine remains. 

When the introduction of phosphorus 
trichloride is complete, the mixture is fil- 125 
tered and the triethylamine hydrochloride 
residue extracted by washing with benzene. 

The wash liquid is added to the filtrate and 
the combined solutions distilled. In this 
manner about 311 grams of trimethyl phos- 1 30 
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phite are obtained, corresponding to a yield 
of 72% of the theoretical. 

In this Example, the final concentration of 
the trimethyl phosphite amounts to 311 
5 grams in 1300 grams of solution, or 24% 
whereas without continuous filtration a con- 
centration of the trimethyl phosphite of 8% 
cannot be exceeded. 

Example 2 

10 In this and the following Examples there 
is added at the commencement of the reac- 
tion a certain quantity of tri- and dialkyl 
phosphite, in order to indicate the course of 
the reaction in the case of continuous opera- 
15 tion: 

In an apparatus as shown in the accom- 
panying drawing, trimethyl phosphite is pre- 
pared as follows; 

In the reaction flask R is provided a solu- 
20 tion containing 90 grams of trimethyl phos- 
phite and 22 grams of dimethyl phosphite in 
1300 grams of benzene to which about 5 mg 
of an indicator, such as Methyl Red, have 
been added. 

25 A dropping funnel E x is charged with a 
solution of 909 grams (= 9 mol) of triethyl- 
amine and 304 grams (= 9.5 mol) of metha- 
nol in 1350 grams of benzene, while the 
dropping funnel E 2 is charged with a ben- 
30 zene solution of 412.5 grams (3 mol) of 
phosphorus trichloride. 

While both cooling and stirring continu- 
ously, the two solutions from E 2 and are 
simultaneously allowed to flow into the 
35 flask R, the introduction being regulated in 
such a manner that a slight excess of amine 
is always present and the temperature being 
maintained approximately constant at 25 °C. 
By noting a yellow colouration of the Methyl 
40 Red indicator, the pH of the reaction 
medium can be easily observed and an 
excess of phosphorus trichloride avoided. 

During the gradual introduction of the 
solutions, the reaction mixture is recycled by 
45 the pump P through the filter F. The amine 
salt separated in the filter F is washed with 
benzene introduced through the cock V x . 
The wash liquid is then combined with the 
filtered solution. At the same time a portion 
50 of the filtrate is drawn off through the cock 
V 2 in such a manner that the liquid level 
in the reaction flask R remains approxi- 
mately constant. 

When the introduction of the solutions 
55 from E t and Ea is complete, the whole of 
the reaction mixture is filtered, the amine 
salt washed in the above described manner 
and the combined clear solutions are sub- 
jected to distillation. Deducting the quan- 
60 tity of trimethyl phosphite originally present 
in the apparatus, there is obtained in this 
manner a total of about 298 grams of tri- 
methyl phosphite, corresponding to a yield 
of 8Q% of the theoretical. 



Example 3 65 

The operation is the same in principle as 
in Example 2, the following variations being 
effected: 

In the reaction flask a benzene solution is 
provided containing 16% of trimethyl phos- 70 
phite and 4% of dimethyl phosphite. 

In a continuously operated cycle the drop- 
ping funnel E a is charged with a benzene 
solution of triethylamine and methanol and 
the dropping funnel E 2 is charged with a 75 
benzene solution of phosphorus trichloride. 

The preparation of these last two solutions 
takes place progressively, the benzene used 
for this purpose (a total of 1800 grams) 
having previously been passed through the 80 
filter for the continuous washing of the tri- 
ethylamine hydrochloride. This wash ben- 
zene is then divided between the funnel con- 
taining the amine and alcohol on the 
one hand and the funnel containing the 85 
phosphorus trichloride on the other. 

The solutions are allowed to flow in with 
stirring and cooling to 20— 25 °C, the intro- 
duction being regulated in such a manner 
that a slight excess of amine always prevails 90 
in the reaction vessel. The continuous fil- 
tration and washing of the crystals of the 
amine salt and the continuous withdrawal of 
the filtered solution take place in an ana- 
logous manner to that described in Example 95 
2. When the introduction of the solutions 
from E l and E 2 is complete, the withdrawn, 
filtered reaction mixture is distilled. 266 
Grams (approx.) of trimethyl phosphite are 
obtained, corresponding to a yield of 72% 100 
of the theoretical. 

Example 4 

In an apparatus according to the accom- 
panying drawing, triethyl phosphite is pre- 
pared in a manner analogous to that des- 105 
cribed in Examples 2 and 3 as follows: 

A solution of 200 grams of triethyl phos- 
phite in 1200 grams of benzene is provided 
in the reaction vessel R and a little Methyl 
Red is added. The dropping funnel E! is 110 
charged with 606 grams of triethylamine, 280 
grams of absolute ethanol and 1200 grams of 
anhydrous benzene and the dropping funnel 
Eo with 270 grams of phosphorus trichloride 
and 600 grams of benzene. 115 

The addition of the various reagents is 
regulated in such a manner that during the 
whole period of reaction a definite excess of 
amine is maintained. The temperature is 
kept at about 25 °C. The reaction mixture is 120 
continuously filtered in a closed cycle. The 
filtered solution is withdrawn in proportion 
to the quantities of the reagents added so 
that the volume of liquid circulating remains 
approximately constant. 125 

The washing of the filtered triethylamine 
hydrochloride and the distilling of the solu- 
tions takes place in the manner described in 
the preceding Examples. 
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In this manner there are obtained about 
270 grams of triethyl phosphite, correspond- 
ing to a yield of 83% of die theoretical. 

Alternatively it is also possible to proceed 
5 as described in Example 1 in connection 
with the production of trimethyl phosphite, 
the total quantity of triethylamine being pro- 
vided in the reaction flask. 

Example 5 

10 In the lower part of a vertical tubular 
reaction vessel of a length of 1.5 metres 
with a coaxial stirrer (350 revs, per min.), the 
reaction vessel being provided with an exter- 
nal cooling jacket and the stirrer with a 
15 hollow shaft for the circulation of cooling 
water, there are introduced simultaneously 60 
kg per hour of a benzene solution containing 
22 % of phosphorus trichloride and 60 kg per 
hour of a benzene solution containing 48% 
20 of triethylamine and 16 % of methanol. 

The reaction mixture is withdrawn from 
the upper part of the reaction vessel in the 
form of a thick paste and the triethylamine 
hydrochloride is immediately filtered from 
25 the reaction product and washed twice with 
benzene. 

132 Kg per hour are obtained of a ben- 
zene solution with a content of 9% of tri- 
methyl phosphite. The quantity of the spent 
30 benzene from the first washing operation, 
which is added to the filtered reaction solu- 
tion, is included in this figure, whereas the 
spent benzene from the second washing 
operation is recycled for re-use in the first 
35 washing operation. 

The quantity of trimethyl phosphite 
obtained corresponds to a yield of 82% cal- 
culated upon phosphorus trichloride intro- 
duced. 

40 WHAT WE CLAIM IS: 

1. A process for the manufacture of tri- 
alkyl phosphites by reaction of phosphorus 
trichloride with low-molecular saturated 
aliphatic alcohols containing 1 to 4 carbon 
45 atoms in the presence of a tertiary amine 
and an inert organic solvent with formation 
of solid tertiary amine hydrochloride, where- 
in at least a part of the reaction mixture is 
led from the zone in which the phosphorus 
50 trichloride is reacted with the alcohol in the 
presence of the amine, continuously into a 
zone where the solid amine hydrochloride 
formed is separated from the reaction mix- 
ture. 

55 2. A process as claimed in Claim 1, 

wherein the reaction mixture is recycled and 
the solid amine hydrochloride formed sep- 
arated continuously from the reaction mix- 
ture, the precaution being taken that in this 
60 operation the quantity of the amine hydro- 
chloride formed which is present in the reac- 
tion mixture always remains small. 

3. A process as claimed in Claim 1 or 
2, wherein the quantity of the amine hydro- 
65 chloride present in the reaction mixture is 



always less than the quantity of amine 
hydrochloride equivalent to a concentration 
of 8% by weight of trialkyl phosphite calcu- 
lated upon the quantity of the inert solvent. 

4. A process as claimed in any one of 70 
Claims 1—3, wherein there are added to the 
reaction mixture all three starting materials, 
namely the alcohol, the amine and the phos- 
phorus trichloride, only to a gradual extent, 
the reaction mixture being simultaneously 75 
circulated with continuous separation of the 
amine hydrochloride as it is formed. 

5. A process as claimed in any one of 
Claims 1—3, wherein the total quantity of 
alcohol and amine are initially present in the 80 
reaction mixture, the phosphorus trichloride 

is added gradually and the reaction mixture 
is simultaneously circulated with continuous 
separation of the amine hydrochloride 
formed. 85 

6. A process as claimed in any one of 
Claims 1 — 5, wherein the separated amine 
hydrochloride is washed with the same inert 
solvent as is used for the reaction. 

7. A process as claimed in any one of 90 
Claims 2 — 6, wherein at a desired final con- 
centration of trialkyl phosphite in the reac- 
tion mixture, after separation of the amine 
hydrochloride, a portion of the reaction mix- 
ture is continuously withdrawn at such a 95 
rate that the concentration of the reaction 
product in the recycled mixture remains 
approximately constant. 

8. A process as claimed in any one of 
Claims 6 or 7, wherein the inert solvent used 100 
for washing the separated amine hydro- 
chloride is afterwards introduced into the 
reaction mixture. 

9. A process as claimed in any one of 
Claims 1 — 8, wherein for separation of the 105 
amine hydrochloride the reaction mixture is 
filtered. 

10. A process as claimed in any one of 

Claims 1 — 9, wherein as low-molecular ali- 
phatic alcohol methanol is used. 1 10 

11. A process as claimed in any one of 
Claims 1 — 9, wherein as low-molecular ali- 
phatic alcohol ethanol is used. 

12. A process as claimed in any one of 
Claims 1 — 11, wherein the tertiary amine is 115 
of the aliphatic series. 

13. A process as claimed in any one of 
Claims 1 — 12, wherein as tertiary amine a 
trialkylamine is used of which the alkyl 
radicals contain 2 — 4 carbon atoms, especi- 120 
ally triethylamine. 

14. A process as claimed in any one of 
Claims 1 — 13, wherein the inert solvent has 
a boiling point either substantially higher or 
substantially lower than the boiling point of 125 
the trialkyl phosphite. 

15. A process as claimed in any one of 
claims 1 to 14, wherein, in the manufac- 
ture of trimethyl phosphite, the boiling point 

of which is 120°C, an inert organic solvent 130 
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of which the boiling point is substantially 
higher or substantially lower than 120°C is 
used. 

16. A process as claimed in any one of 
5 Claims 1 — 15, wherein as inert organic sol- 
vent benzene is used. 

17. A process for the manufacture of 
trialkyl phosphites, conducted substantially 
as described in any one of the Examples 

10 herein. 



18. Trialkyl phosphites when made by 

the process claimed in any one of Claims 

1—17. 



ABEL & IMRAY, 
Chartered Patent Agents, 
Quality House, Quality Court, 
Chancery Lane, London, W.C.2. 
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COMPLETE SPECIFICATION 

This drawing is a reproduction of 
the Original on a reduced scale . 






